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Abstract—The influences of age, 
size, and condition of spawning fe-
males on fecundity and oocyte qual-
ity were analyzed for the Patagonian 
stock of Argentine Hake (Merluccius 
hubbsi). Samples of mature females 
were collected in the spawning area 
as part of 2 research surveys con-
ducted in January 2010 and 2011, 
during the peak of the reproductive 
season. Batch fecundity (BF) ranged 
between 40,500 (29 cm total length 
[TL]) and 2,550,000 (95 cm TL) hy-
drated oocytes, and was positively 
correlated with TL, gutted weight, 
age, hepatosomatic index (HSI), and 
the relative condition factor (Kn). 
Relative fecundity ranged between 
85 and 1040 hydrated oocytes g–1 
and showed significant positive re-
lationships with gutted weight, HSI, 
and Kn; however, coefficients of de-
termination were low for all regres-
sions. Dry weights of samples of 100 
hydrated oocytes ranged between 1.8 
and 3.95 mg and were positively cor-
related with all variables analyzed, 
including batch and relative fecun-
dity. Multiple regression models cre-
ated with data of the morphophysi-
ological characteristics of females 
supported maternal influences on 
fecundity and egg weights. Within 
the studied size range (29–95 cm 
TL), larger individuals had better 
somatic and egg condition, mainly 
revealed by higher HSI and hydrat-
ed oocytes with larger oil droplets 
(275.71µm [standard error 1.49]). 
These results were associated with 
the higher feeding activity of larger 
females during the spawning season 
in comparison with the feeding ac-
tivity of young individuals (<5 years 
old); the better nutritional state of 
larger females, assumed to result 
from more feeding, was conducive to 
greater production of high-quality 
eggs.
The Argentine Hake (Merluccius 
hubbsi), with a biomass of around 
700,000 metric tons (t) estimated 
from virtual population analysis in 
2009, is one of the most important 
fish resources for the Argentine 
fleet (Irusta and Datri1; Villarino 
and Santos2). Two main stocks have 
been identifi ed in the Argentine Sea: 
the northern group (between 34° and 
41°S) and the southern group (be-
tween 41° and 55°S). The latter group, 
known also as the Patagonian stock, 
is the most abundant population of 
this species, accounting for about 85% 
of the total biomass estimated for this 
1 Irusta, C. G., and L. D’Atri. 2010. 
Evaluación del estado del efectivo  norte 
de 41° S de la merluza (Merluccius 
hubbsi) y estimación de la Captura Bio-
lógicamente Aceptable para el año 2011. 
INIDEP Informe Técnico Ofi cial No. 42, 
28 p. [Available from INIDEP, Paseo 
Victoria Ocampo Nro. 1, B7602HSA Mar 
del Plata, Argentina.
2 Villarino, M. F., and B. Santos. 2010. 
Evaluación del estado de explotación 
del efectivo sur de 41° S de la merlu-
za (Merluccius hubbsi) y estimación de 
las capturas biológicamente aceptables 
correspondiente al año 2011. INIDEP 
Informe Técnico Oficial No. 43, 27 p. 
[Available from INIDEP, Paseo Victoria 
Ocampo Nro. 1, B7602HSA Mar del Pla-
ta, Argentina.]
fi sh resource in Argentina (Aubone et 
al., 2000). This fi shery historically 
has registered the most important 
commercial landings for Argentina, 
with annual catches between 170,000 
and 370,000 t since 2000 (Sánchez et 
al., 2012). Nevertheless, during the 
1990s, both stocks of Argentine Hake 
suffered overexploitation and their 
spawning biomass decreased drasti-
cally, and changes also were observed 
in the parent-stock structure (Aubone 
et al., 2000).
It has been shown that the repro-
ductive potential of a fi sh stock is 
strongly infl uenced by the size and 
age of spawning females. During the 
reproductive season, older and larg-
er individuals produce more oocytes 
than younger and smaller spawners 
because fecundity and spawning fre-
quency are higher in larger females 
and, in general, their reproductive 
period is longer than the period of 
smaller spawners (Marshall et al., 
1998; Marteinsdottir and Thora-
rinsson, 1998; Marteinsdottir and 
Begg, 2002; Macchi et al, 2004; Me-
hault et al., 2010). Therefore, varia-
tion in length composition of a fi sh 
stock caused by fi shing activity or by 
other sources of mortality would af-
fect the number of eggs spawned at 
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a population level. In this sense, fecundity estimates 
by length class give information on the number of po-
tential offspring that can be produced. Nevertheless, 
viability during the early life stages depends mainly 
on egg quality, which is associated with the quantity 
of nutrients stored in the oocytes (Brooks et al., 1997). 
Bromage et al. (1994) defi ned egg quality as “those 
characteristics of the egg that determine its capacity 
to survive.” There are different methods and indices 
that can be used to estimate the quality of fi sh eggs. 
Some of them are very simple, such as those techniques 
where morphometrical attributes (e.g., egg diameter or 
weight and size of the oil droplet) are used, and others 
are more complex, such as those where the biochemical 
composition (e.g., lipid o r protein concentration) of the 
oocytes are used (Nocillado et al., 2000). 
Most studies have concluded that larger eggs are of 
better quality because they can produce larger larvae 
with higher survival rates (Hinckley, 1990; Rijnsdorp 
and Vingerhoed, 1994; Nissling et al., 1998; Trippel, 
1998). It is a general assumption that larger larvae 
may have advantages in fi nding food and in actively 
swimming through the water column that increase 
their probability of survival (Brooks et al., 1997; Ál-
varez Colombo et al., 2011). In contrast, in some stud-
ies, no relationship between egg diameter and larval 
size was observed (Landaeta and Castro, 2012), or it 
was suggested that larger offspring could be more eas-
ily detected by predators, and, therefore, large larval 
size would increase the risk of mortality (Kjesbu et 
al., 1996). However, in general, it is assumed that in-
creased egg size leads to higher larval survival.
Fish condition can be assessed through the use of 
different indices, on the basis of length:body-weight ra-
tio (K) or liver-weight:body-weight ratio (hepatosomatic 
index [HSI]) or on the basis of the biochemical com-
position (e.g., lipids, proteins, or glycogen) of different 
tissues (Dominguez-Petit et al., 2010). It was observed 
that lipids play an important role as stored energy that 
can affect fecundity, oocyte quality, and larval viabil-
ity (Wiegand, 1996; Lambert et al., 2003; Aristizabal, 
2007). Therefore, because the liver is generally the or-
gan with the highest levels of lipid storage for gadoids, 
the HSI may be considered a good descriptor of female 
condition, and a strong infl uence on reproduction (Mar-
shall et al., 1999; Marteinsdottir and Begg, 2002; Alon-
so-Fernández, 2011). 
Spawning of the Patagonian stock of the Argentine 
Hake occurs in waters off the province of Chubut in 
southern Argentina during spring and summer, and 
a main peak occurs between December and January 
(Macchi et al., 2007). This species is a batch spawner 
with indeterminate annual fecundity, meaning that un-
yolked oocytes continuously mature and are spawned 
throughout the reproductive season (Macchi et al., 
2004). It has been reported that the size and age com-
positions of Argentine Hake females in Patagonian wa-
ters change during the spawning season, affecting egg 
production of this stock during this period (Macchi et 
al., 2004). Moreover, Macchi et al. (2006) found posi-
tive relationships between oocyte dry weight (DW) and 
maternal variables, such as total length (TL) and age, 
relationships that could indicate a possible effect of fe-
male size on egg quality.
Although different aspects of reproductive biology 
of Argentine Hake have been studied in recent years 
(Macchi et al., 2004, 2005, 2006, 2007), information 
about the nutritional condition of spawning females in 
relation to reproductive potential is scarce. This infor-
mation is essential for understanding the strategy of 
energy allocation during reproduction and for estimat-
ing whether variations in size composition and feeding 
condition of spawning females could affect egg quality 
and, therefore, larval survival. Such information could 
improve the understanding of the recruitment varia-
tions that have been observed in the Argentine Hake 
fi shing stocks.
The objective of this study was to determine which 
maternal features—length, weight, age, HSI, and con-
dition—were correlated with which measures of egg 
quality and quantity—DW, oil globule size, and fecun-
dity—in Argentine Hake from Patagonian waters. We 
also examined stomach fullness as a function of fi sh 
length to establish the relationship between feeding 
activity and the size of spawning females.
Materials and methods
Sample collection
Samples of Argentine Hake were obtained from bottom 
trawls during 2 research surveys carried out in the 
north Patagonian area during January 2010 and 2011 
by the Instituto Nacional de Investigación y Desarrol-
lo Pesquero (INIDEP) (Fig. 1). Argentine Hake speci-
mens were captured at depths between 50 and 110 m 
through employment of a bottom trawl with a mouth 
width of about 20 m, a height of about 4 m, and with 
a 20-mm mesh size at the inner lining of the codend.
For histological analysis of ovaries, 192 mature fe-
males near spawning condition (with hydrated oocytes 
after germinal vesicle breakdown) were sampled; ova-
ries were removed and preserved (fi xed) in 10% neu-
trally buffered formalin. From each specimen, the fol-
lowing measurements were recorded: TL in centimeters 
and total weight (TW), gutted weight (GW), and liver 
weight (LW) in grams. In addition, the sagittae oto-
liths were collected for age determination. Ages were 
obtained through the use of the methods of Renzi and 
Pérez (1992).
Female condition and fecundity estimation
Because fi sh weight may be greatly infl uenced by the 
stomach content and fullness of the gut, GW was used 
to estimate the condition of Argentine Hake females. 
Macchi et al.: Maternal effects on fecundity and egg quality of Merluccius hubbsi 327
Nutritional status was determined by means of 2 
indices: 
1) the relative condition factor (Kn), expressed as a 
proportion between the observed GW and the GW 
determined by the relationship of TL versus GW, de-
scribed by the following equation:
 GW = 0.0148 × TL2.7634 (1)
(coeffi cient of determination [r2]=0.98, n=181, P<0.01)
2) the HSI, which provides an indication of the status 
of energy reserves in the liver, defi ned by the follow-
ing equation:
 HSI = (LW / GW) * 100.  (2)
Ovaries collected were weighed to the nearest 0.1 
g after fi xation, and a portion of each sample (about 
2.0 g) was removed from each gonad, dehydrated in 
ethanol, cleared in xylol, and embedded in paraffi n. 
Sections of ovaries that were 5 μm thick were mount-
ed and stained with Harris’s hematoxylin followed by 
eosin counterstain. Histological diagnosis was used to 
discard ovaries with evidence of recent spawning.
Batch fecundity (BF), or the number of oocytes re-
leased per spawning, and relative fecundity (RF), or the 
number of hydrated oocytes per gram of body weight, 
were estimated with the hydrated oocyte method on 
fi xed ovarian samples (Hunter et al., 1985). Only ova-
ries without evidence of recent spawning (no postovula-
tory follicles) were selected (102 ovaries from samples 
collected in 2010 and 79 ovaries from samples collected 
in 2011). Three pieces of ovary, approximately 0.1–0.2 
g each, were removed from the anterior, middle, and 
posterior parts of one gonad and weighed to the near-
est 0.1 mg, and hydrated oocytes were counted. Batch 
fecundity for each female was the product of the mean 
number of hydrated oocytes per unit of weight and 
the total weight of the ovaries. Relative fecundity was 
determined as the batch fecundity divided by female 
weight (without ovary). 
Figure 1
Map of locations where samples of Argentine Hake (Merluccius 
hubbsi) were collected during the peak spawning season (Janu-
ary) of 2010 (black dots) and 2011 (squares) in waters off the 
province of Chubut in Argentina to examine maternal effects 
on the fecundity and egg quality. 
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The relationships of BF to TL obtained in 2010 and 
2011 were compared on the basis of overlapping length 
ranges of the females (32–83 cm TL) with analysis of 
covariance on the log-transformed data (Draper and 
Smith, 1981). After comparison, the relationships of 
BF and RF to TL, gutted weight, age, HSI, and Kn ob-
tained from samples and data collected in both years 
were described through the use of simple regression 
analysis. 
Egg quality
A sample of 100 hydrated oocytes was removed from 
one ovary of each female selected for estimation of fe-
cundity, rinsed in distilled water to remove formalde-
hyde remnants, dried for 24 h at 60°C, and weighed 
to the nearest 0.1 mg. The DW of each of these sam-
ples was considered an index of egg quality for the 
spawning females of Argentine Hake collected dur-
ing the 2 research cruises because, in general, dry 
mass is associated with the quantity of yolk reserves 
stored in oocytes (Macchi et al., 2006; Mehault et al., 
2010). The relationships between DW and the differ-
ent morphophysiological variables (TL, GW, age, HSI, 
and Kn), on the basis of length, weight, or organ-body 
weight ratios, were evaluated with simple regression 
analysis as were the fecundity data. Moreover, the re-
lationships between DW and the number of oocytes 
spawned by batch (BF) and by unit of female weight 
(RF) were analyzed.
To determine the effect of each maternal attribute 
on fecundity and egg quality and to establish which 
of these predictor variables had more infl uence on the 
number and quality of the oocytes, multiple regres-
sion analyses of BF and DW in relation to morpho-
physiological variables were carried out with the for-
ward stepwise method. In the case of the regression 
model for BF, the data showed heteroscedasticity and 
were log-transformed. Colinearity between variables 
was analyzed to include in the model only those vari-
ables that were uncorrelated. All statistical analyses 
were conducted with R software (R Development Core 
Team, 2010).
Another variable possibly associated with egg qual-
ity is the size of the oil droplet in mature eggs, be-
cause it functions as an energy source for larvae 
(Wiegand, 1996; Nocillado et al., 2000; Rodgveller et 
al., 2012). For this reason, the diameters of oil drop-
lets in hydrated oocytes were measured in samples of 
Argentine Hake females collected in January 2011. 
Samples collected in 2010 were not used, because 
hydrated oocytes from this year were in bad condi-
tion as a consequence of long-term preservation in 
formalin solution. To analyze possible differences be-
tween old and young females, 2 length groups were 
considered for this analysis:  individuals <40 cm TL 
(n=12) and >70 cm TL (n=17). Most adult female Ar-
gentine Hake <40 cm TL are 2–3 years old and con-
sidered fi rst-time spawners for the Patagonian stock 
of this species (Otero et al., 1986). First-time spawn-
ers are thought to produce eggs of lower quality than 
the eggs of older females, as Trippel (1998) found 
for Atlantic Cod (Gadus morhua). Hydrated oocytes 
from each of the 2 length groups of females (n=641 
and 1000 oocytes) were sampled and the diameters 
of the oil droplets were measured to the nearest 0.01 
µm with a Carl Zeiss3 stereomicroscope equipped with 
AxioVision 4.6 software (Carl Zeiss Microscopy, Jena, 
Germany). The mean diameters obtained for each size 
group were compared with a t-test. 
Because the size of hydrated oocytes in the ovaries 
may be infl uenced by the degree of hydration, we used 
spawned eggs to analyze the relationship between egg 
diameter and size of the oil droplet. Therefore, egg di-
ameters and sizes of oil droplets were measured from 
Argentine Hake eggs collected in plankton samples, 
from oblique tows conducted with a bongo net (mesh 
sizes: 300 and 500 µm) in the research survey of Janu-
ary 2010. Samples were fi xed in 5% formalin, and lat-
er Argentine Hake eggs in early developmental stages 
were sorted and rinsed in distilled water. Argentine 
Hake eggs were identifi ed according to Ehrlich (1998). 
Egg diameter and size of the oil droplet (n=102) were 
measured to the nearest 0.01 µm, as was done for hy-
drated oocytes, and the relationship between them was 
evaluated with simple regression analysis.
Feeding activity during spawning
Stomach fullness of Argentine Hake females during 
spawning was analyzed to fi nd a possible relationship 
between feeding activity and the size of spawners. 
Information on stomach content obtained from all 
adult females sampled in the reproductive area 
during the 2 research cruises in January 2010 and 
2011 (n=2091) was considered in this study. Individuals 
with everted stomachs as a consequence of pressure 
changes during capture were not used in this analysis. 
A gross scale of 4 stages was employed to classify the 
degree of stomach fullness: 0=empty, 1=few contents 
(<25% full), 2=moderate contents (25–75% full) and 
3=full stomach (Prenski and Angelescu4). The frequency 
distribution of each stomach stage by length class was 
considered in this analysis, but only stage 0 was em-
ployed to determine differences in feeding activity. The 
relationship between the proportion of empty stomachs 
and female size was described with simple regression 
analysis.
3 Mention of trade names or commercial companies is for iden-
tifi cation purposes only and does not imply endorsement by 
the National Marine Fisheries Service, NOAA.
4 Prenski, L. B., and V. Angelescu. 1993. Ecología trófi ca de 
la merluza común (Merluccius hubbsi) del Mar Argentino. 
Parte 3. Consumo anual de alimento a nivel poblacional y su 
relación con la explotación de las pesquerías multiespecífi cas. 
INIDEP Documento Científi co No. 1, 118 p. [Available from 
INIDEP, Paseo Victoria Ocampo Nro. 1, B7602HSA Mar del 
Plata, Argentina.]
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Results
Female condition and fecundity estimation
Batch fecundity estimates obtained for Argentine 
Hake females collected during January 2010 and 2011 
ranged between 40,500 hydrated oocytes (29 cm TL) 
and 2,550,000 hydrated oocytes (95 cm TL). The anal-
ysis of covariance applied to compare the coeffi cients 
of the relationship of BF to TL obtained for each year 
did not show statistical differences (P>0.01); therefore, 
data from 2010 and 2011 were pooled to estimate all 
the regression analyses. The relationship between BF 
and TL was curvilinear, fi tting better to a power model 
(Fig. 2A, Table 1). The relationship of BF to GW was 
linear, and, in the case of BF to age, a power model was 
fi tted (Figs. 2B and C, Table 1). 
A positive power relationship was observed be-
tween BF and the HSI (Fig. 2D, Table 1). In the case 
of BF and Kn, the relationship was linear and sig-
nifi cant (P<0.01), but a low r 2 was obtained (Fig. 2E, 
Table 1).
Figure 2
Batch fecundity as a function of (A) total length, (B) gutted weight, (C) age, (D) hepatosomatic index 
(HSI), and (E) relative condition factor (Kn) for the Patagonian stock of Argentine Hake (Merluc-
cius hubbsi), which was sampled in waters off the province of Chubut in Argentina during the peak 
spawning season in 2010 and 2011.
A B
C D
E
Total length (cm) Gutted weight (g)
Age (years) HSI
Kn
B
at
ch
 f
ec
un
d
ity
 (
th
o
us
an
d
s)
B
at
ch
 f
ec
un
d
ity
 (
th
o
us
an
d
s)
B
at
ch
 f
ec
un
d
ity
 (
th
o
us
an
d
s)
330 Fishery Bulletin 111(4)
Relative fecundity ranged from 85 to 1040 hydrated 
oocytes g–1(female weighed without ovaries), with a 
mean value of 526 hydrated oocytes g–1 (standard er-
ror [SE] 183). Positive linear signifi cant relationships 
(P<0.01) between RF and the morphophysiological vari-
ables of GW, HSI, and Kn were observed, but r2 values 
were low for all variables, explaining in some cases 3% 
or 4% of the variance (Fig. 3, Table 1). The strongest 
correlation, with an r2 of 0.11, was obtained with the 
relationship of RF to the HSI (Table 1).
In the multiple regression analysis of the infl uence 
of maternal characteristics on BF, 87% of the variabil-
ity in BF was explained by GW, DW, and the HSI and 
described by the following equation:
 BF = 5.08 + 0.96LnGW + 1.08LnDW  (3)
 + 0.27LnHSI
(r2=0.87, n=178, [P<0.01])
Most of this variability was explained exclusively by 
GW (95%). The forward stepwise method gave evidence 
that inclusion of other variables did not improve BF 
predictions signifi cantly. 
Egg quality
For 100 hydrated oocytes, DW estimated from Argen-
tine Hake females collected during the spawning peak 
in January 2010 and 2011 ranged from 1.8 to 3.95 mg, 
and had a mean value of 2.83 mg (SE 0.36). There 
were signifi cant positive relationships between DW 
and all morphophysiological variables considered dur-
ing this study: TL, GW, age, HSI, and Kn (Fig. 4, Table 
1). Moreover, positive signifi cant relationships (P<0.01) 
also were obtained between DW and fecundity (BF and 
RF), described by the following equations:
 DW = 2.62 + 0.0003BF.  (4)
(r2=0.25, n=181)
 DW = 2.42 + 0.0008RF. (5)
(r2=0.16, n=181)
In general, r2 values were low for all relationships 
estimated and BF was the variable best correlated with 
DW, although it is possible that size may have some in-
fl uence on this relationship. Regardless, RF, which was 
uncorrelated with TL, also showed a signifi cant posi-
tive relationship to DW. 
In the multiple regression analysis carried out with 
DW as the dependent variable and morphophysiologi-
cal variables, only the HSI and GW were included be-
cause the other variables did not improve DW predic-
tions signifi cantly. This model explained 20% of the 
total variability, and 90% of this percentage was con-
tributed by the HSI:
Table 1
Results of the regression analyses between batch fecundity (BF), relative fecundity (RF), and oocyte 
dry weight (DW) and the variables of total length (TL), gutted weight (GW), age (A), hepatosomatic 
index (HSI), and relative condition index (Kn) for female Argentine Hake (Merluccius hubbsi) of the 
Patagonian stock obtained from bottom trawls during research surveys in January 2010 and 2011. 
r2=coeffi cient of determination; a and b=parameters of the equation, n=sample size, P=P-value of the 
relationship. The sample size for regressions with age (n=173) was smaller than the sample size for 
regressions with other variables (n=181) because some otoliths were broken or otherwise unusable for 
age determination. 
 Relationship r2 a b n P
 TL Power 0.75 10.07 2.74 181 <0.01
 GW Linear 0.81 –64235.60 675.48 181 <0.01
BF A Power 0.68 38103.41 1.67 173 <0.01
 HSI Power 0.47 126319.30 1.17 181 <0.01
 Kn Linear 0.04 –528543.19 1183337.78 181 <0.01
       
 TL Linear 0.03 396.99 2.37 181 >0.01
 GW Linear 0.04 471.76 0.05 181 <0.01
RF A Linear 0.03 448.49 15.12 173 >0.01
 HSI Linear 0.11 388.49 33.56 181 <0.01
 Kn Linear 0.07 21.68 500.84 181 <0.01
       
 TL Logarithmic 0.18 2.62 0.0001 181 <0.01
 GW Logarithmic 0.17 1.48 0.20 181 <0.01
DW A Logarithmic 0.14 2.31 0.34 173 <0.01
 HSI Linear 0.18 2.49 0.08 181 <0.01
 Kn Linear 0.05 2.01 0.82 181 <0.01 
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groups showed highly signifi cant differences (P<0.001), 
indicating more lipid accumulated in eggs from larger 
females than in eggs from fi rst-time spawners. 
The regression analysis between the sizes of the 
oil droplets (OD) and egg diameters (ED) of Argentine 
Hake eggs collected during plankton sampling showed 
a signifi cant positive relationship (P<0.01), described 
by the following equation:
 OD = 0.4168ED – 146.46. (7)
(r2=0.34, n=102)
This result corroborates the notion that larger eggs 
of Argentine Hake have more lipid reserves for larval 
growth and, therefore, have a higher probability that 
they will produce larger larvae.
Feeding activity during spawning
The regression analysis between the proportion of emp-
ty stomachs (PE) and TL for data obtained in January 
2010 and 2011 showed a signifi cant negative logarith-
mic relationship (P<0.01), indicating that intensity of 
feeding during spawning increases with female size. 
This tendency was more evident in Argentine Hake fe-
males <55 cm TL because individuals of this species in 
larger length classes showed high variability in feeding 
activity (Fig. 5). This relationship was described by the 
following equation:
 PE = 1.6824 – 0.2937LnTL. (8)
(r2=0.39, n=45)
Discussion
Batch fecundity values for the Patagonian stock of 
Argentine Hake, estimated with samples collected in 
January 2010 and 2011, did not differ statistically and 
showed a positive relationship with size, weight, and 
age of the spawning females. The range of fecundity 
data (40,500–2,550,000 hydrated oocytes) was simi-
lar to estimated values from previous studies of Ar-
gentine Hake during the same month in other years 
(Macchi et al., 2004), but the range was much higher 
than values obtained for other species of Merluccius: 
Peruvian Hake (M. gayi peruanus) (see Canal, 1989), 
New Zealand Hake (M. australis) (see Balbontín and 
Bravo, 1993), European Hake (M. merluccius) (see 
Murua et al., 2006; Recasens et al., 2008; El Habouz 
et al., 2011), Cape Hake (M. capensis), and Deepwater 
Hake (M. paradoxus) (see Osborne et al., 1999). Batch 
fecundity was infl uenced also by female condition, ex-
pressed mainly by liver weight, as was evident from 
the positive relationship between the number of eggs 
produced by batch and the HSI. In addition, relative 
fecundity, a variable that did not show a signifi cant re-
lationship with female size in Argentine Hake (Macchi 
et al., 2004), also was infl uenced positively by the HSI. 
Figure 3
Relative fecundity as a function of (A) gutted weight, 
(B) hepatosomatic index (HSI), and (C) relative con-
dition factor (Kn) for the Patagonian stock of Argen-
tine Hake (Merluccius hubbsi), which was sampled 
in waters off the province of Chubut in Argentina 
during the peak spawning season in 2010 and 2011.
A
B
C
DW = 2.49 + 0.061HSI + 0.00009GW. (6)
(r2=0.20, n=178, [P<0.03])
The mean diameters of the oil droplets in hydrated 
oocytes that were estimated for young (<40 cm TL) and 
old (>70 cm TL) Argentine Hake females were 265.82 
µm (SE 20.33) and 2 75.71 µm (SE 1.49), respective-
ly. Comparison of this variable between both length 
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The hepatosomatic index was the maternal condi-
tion measure that best correlated with fecundity in 
Argentine Hake in this study. Different authors have 
reported that the liver is the main deposit of lipids for 
gadoids and have considered this organ as the main 
source of energy for reproduction (Lambert and Du-
til, 1997; Alonso-Fernández, 2011). In addition, certain 
egg constituents, such as yolk proteins and egg coat 
substances, are synthesized in the liver (Brooks et al., 
1997).  It has been suggested that lipids play a key role 
during the early life history of many species (Nocillado 
et al., 2000), serving as structural components of mem-
branes and providing physical protection of organs, 
buoyancy, or nutrients for embryos (Wiegand, 1996). 
Lipids of oocytes are stored mainly as lipoproteins, 
which are the major components of oocyte yolk, or as 
oil droplets (Wiegand, 1996). In Atlantic Cod, it has 
been suggested that the HSI is a good index of repro-
Figure 4
Dry weight of 100 hydrated oocytes as a function of (A) total length, (B) gutted weight, (C) age, (D) hepa-
tosomatic index (HSI), and (E) relative condition factor (Kn) for the Patagonian stock of Argentine Hake 
(Merluccius hubbsi), which was sampled in waters off the province of Chubut in Argentina during the peak 
spawning season in 2010 and 2011.
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ductive potential because of the role that lipids serve 
in reserving energy (Marshall et al., 1999). Support-
ing this idea, Leonarduzzi et al. (2012) analyzed the 
proximal composition of different tissues in Argentine 
Hake females and showed that the best morphological 
index for the somatic condition in Argentine Hake is 
the HSI—a fi nding that agrees with results obtained 
for other fi sh species (Alonso-Fernández, 2011). There-
fore, it is reasonable to assume that reproductive po-
tential of Argentine Hake may be affected by the liver 
condition of spawning females.
Positive relationships between DW and the vari-
ables of TL, GW, and age were observed for Argentine 
Hake—results that coincide with previous studies of 
this species (Macchi et al., 2006), and for European 
Hake (Mehault et al., 2010). Moreover, the positive 
relationship between DW and fecundity indicates 
that larger females of Argentine Hake invest energy 
in both the quantity and quality of the oocytes that 
they produce. The increases observed in oocyte mass 
with female size for Argentine Hake agrees with the 
hypothesis of a maternal effect on the spawning qual-
ity of this species. Argentine Hake also showed a posi-
tive relationship between DW and female condition, 
expressed by the HSI. This result supports the idea 
that the size and composition of oocytes depend on the 
maternal nutritional state and are particularly associ-
ated with liver weight (Marteinsdottir and Begg, 2002). 
The difference observed between the size of the oil 
droplets in hydrated oocytes of fi rst-time spawners (<40 
cm TL) and old females (>70 cm TL) also refl ected the 
maternal contribution to reproductive success. Oocytes 
of old individuals were characterized by oil globules 
that were larger than the oil globules of young 
spawners, indicating that more lipids were stored 
in the eggs of larger females. In other fi sh species 
that have been studied (e.g., Sebastes spp.), older 
females produced eggs with larger oil globules, 
which result in larvae with better chance of sur-
vival (Berkeley et al., 2004; Sogard et al., 2008). 
Similar conclusions indicating that fatty acids are 
essential for egg composition and reproductive 
success were drawn with species maintained in 
captivity and fed with different concentrations of 
lipids (Watanabe et al., 1984; Fernández-Palacios 
et al., 1995; Sewall and Rodgveller, 2009). Fur-
thermore, the positive relationship observed in 
Argentine Hake in this study between the sizes of 
eggs from plankton samples and diameters of their 
oil droplets indicates that larger eggs contain a 
higher amount of lipids than do smaller eggs, sup-
porting the idea that bigger oocytes are of better 
quality.
The decrease in frequency of empty stomachs 
with the size of the Argentine Hake females is 
evidence that feeding activity is higher in larger 
individuals. In addition, this result supports the 
hypothesis of continuous feeding during breed-
ing season for other hake species (Dominguez-Petit 
and Saborido-Rey, 2010). The relationship between the 
percentage of individuals with empty stomachs and TL 
was more evident in females <55 cm TL; at this size 
range, the slope of the equation was more pronounced. 
This break in the regression model is similar to the 
break previously found for the relationship of oocyte 
weight to female size in Argentine Hake (Macchi et al., 
2006). Those authors reported that differences between 
egg mass and female size can be observed mainly in 
young spawners (<55 cm TL) because, in females >55 
cm TL, the slope of the model decreased, as a conse-
quence of the high variability in oocyte weight. 
Female condition and the quality of eggs produced 
by Argentine Hake may be associated with the feeding 
range of this species. It is possible that larger individu-
als would be capable of swimming longer distances as 
they search for food in deeper waters, where it is com-
mon to fi nd great concentrations of squid (Ilex argenti-
nus) in the austral summer. This squid species is con-
sidered the most important prey for larger individuals 
of Argentine Hake in the Patagonian area (Angelescu 
and Prenski, 1987). A recent study described an off-
shore spawning group of Argentine Hake in Patagonian 
waters in January that was characterized by a high 
proportion of females >55 cm TL and older than 5 years 
(Macchi et al., 2010). The selection of squid for food by 
larger females may be advantageous for spawning, if 
the high concentration of fatty acids detected in this 
mollusk is taken into account (Watanabe et al., 1984). 
Therefore, studies on Argentine Hake diet and the ef-
fect of diet composition on egg quality are needed. In 
particular, further information is required about lipid, 
fatty acids, proteins, and ascorbic acid content, all rel-
Figure 5
Relationship between proportion of females with empty 
stomachs and female size obtained for the Patagonian 
stock of Argentine Hake (Merluccius hubbsi), which was 
sampled in waters off the province of Chubut in Argen-
tina during the peak spawning season in January 2010 
and 2011. 
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evant components that affect egg and embryo survival 
(Brooks et al., 1997; Sewall and Rodgveller, 2009). 
Conclusions
This study provides further evidence of maternal infl u-
ence on the reproductive potential and spawning qual-
ity of the Patagonian stock of Argentine Hake. Within 
the analyzed size range (29–95 cm TL), larger females 
were characterized not only by higher fecundities but 
also by heavier eggs with larger oil droplets. Larger 
individuals were in better condition than smaller ones, 
as shown by higher HSI values, supporting the assump-
tion that this index is a good predictor of reproductive 
potential. Moreover, feeding activity during the spawn-
ing peak in January was higher for larger females than 
for smaller and younger individuals, indicating that 
Argentine Hake may incorporate energy during the re-
productive season. This strategy of energy allocation 
is typical of an income breeder and is similar to the 
strategy suggested for the European Hake by Domin-
guez-Petit and Saborido-Rey (2010). However, because 
Argentine Hake may be an opportunistic feeder dur-
ing reproduction, it may be advantageous for spawning 
females to feed on higher quality food, such as squid, 
found offshore. This benefi t may be restricted to larger 
individuals because they are more likely than smaller 
females to have the ability to fi nd food offshore.
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